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Jit 5fi- : F#F«3£<affi't4Sffi$£ : frU MIBS: 
aAl As*»e>fc"K J.oBWEJB2©*i»«EJi**ZnS: 

J: 5 #1BI*«0>*# VMW1BJS 2 <£» 

srt %mm t i-*st#« i hue*©*****'?-. 

[f&jfcl 5 3 MIST -y - K— I n G a A 1 
As-Cfc5wSrfl#»t-r5fS*«4»cf£«W^^5t* 

[f*#16] l»IBjlS2«)iN»ff«* s *#i-*ZnO« 

?S««TTfcS r fc *<mft i1-*W#* i KfEttcoH** 

[lt#*7] fltHSSR2W^i*JS-efo5 I n x Ga 
m Al,As (fiU 0<x<l, 0<y<l, x + 
y*l) mt5Zn©W\ ttStiAloa* 
Jfcy djtfLT 1.2X10 l9 exp(-5 Xy)fi^ 

8 ] MIEft^#F#iSrt ©KIEJS 1 
Jl(*4 7E;^iSB|C0 I n G a A 1 A s , InGaAsP, 
S.U 5 3 7C^}SfBro I nGa A s <0&frbmtftlit&t£< 

t h i o£#-T3 r. t &mmb-tStt#i% i fcie*©* 

[W#*9] gj|E»2W^ffJl* s I nG a A 1 A s 
lUot*^ J.o|g2ro^ffJSroA imrfL&O. 0 
4^t>0. 4 4 0®ffl(ifc'9, JLo^rWZ nigS* 5 x *J 
!El2O^i0A lM^tt, A l #lfiKtbi:*r 

0.04t'liZnSSii!9.8X10 ,, cm' ! , AlEfi! 
Jt£ 5 0. 4 4T'liZ n»£#l. 3X1 0 18 c nT 3 CD,££r 

z n a^Ttfc 5 r. t £ -f sffi* 

[ft^ISlO] if|BZn©»** s l. OX 1 0 l8 cm 

jlroAi*aj*fc*tLt\ Aittj«Jti:#«*a©zn« 



n m&fr 9 . 8 X 1 0 18 c m"\ A 1 mf&Vcft 0.04© 
B#, Znl«iU.OX10 1! cm- ! > A 1 ffljfcJta* 0 . 
4 4©^, Z nfg«i 1. 0 X 1 0 18 c m" 3 ) N Alffl 
J&Jt# 0.44 CDB#, Z n SSA ! 1 • 3 X 1 0 18 c m" 3 © 

-K?a#©¥i»#ft*^. 
[W*3J12] -fb««*W(WMBI»*i:» c©^ 

a s \zt£z>nm*%x-4 vmh^^t-kMi^Jtrnt it 

#U liiJt2p^© I n G a A 1 A s \Zt£5W3lZZ n 

tt*.*v^4:«r4**4:-t-* 4 l fe S»fls**^-. 
[M*«i3] «triEib^¥«^l«««*i*S^# 

1 4 ] jHriBfc******!******^* 

#ft;isr<P¥&#£«©£En-»5#ft*-^J*£^ W 

JifflJ^i:, r.©* h7^7*:|K©¥^#SWi® J $©£^*' 
Ipj^^tf iSePV-MSIdl 1 RtfS 2 ©^SMWiWS:* U 

§r#U l»lEJBlAU ! »2©^»flt««ttZn*r^r*i- 
SlnGaAlAs £: tfJfE I n G a 

AlA»|«)ZnOiI4«, SKfi-»fc*H"*Zn<Ol£ 

1 2 IC|S«C0^^^^o 

[»jfc*l5l **#**©±»fc. JSttJB**©* 
^#F«jtSrfllJ*1~?K 4jciiftroinGaAlAs 

^t5lS, coJIU 9 

< J.o4 7C^}SfB'0 InGaAlAsi 9&9.1.0Z n 
Z n I^BB-f 5BS*»««T-C^*r <5* 2 

iw^ii i 6 ] me* i o^mwmRvm 2 o^*^ 
tufa* > 5^ ^romiE^^aa^^*^*^)!- 2 ! 1 ^ 

JtWHlffif-IS 1 RXJ^m 2 0?^3|^*SSr 
[0 0 0 1] 

•tTfcl nGaAlAs^fc^^-fSW 
[0 0 0 2] 

[^5l5<7?K*] I n P»«±*»#1'-1f«>8W*8« 
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)SB±|:inG»AiPf»*«h. pfflOF-'Oh 
ClliZn, nSOK-^M-ttSi, Se W^fetl 
tv>5„ nS©K-'^htfc?>Si, S e f*t£tfe U£ 
< V»*s, P l© K— FX'feSZ nl4i£ffeL J ?>i~V\ 
rcofc*. «*ffl»*©*«a*#F«art0*M~ 

ig) ^r^sauyta-e-, zn fc^Fa^itai' 

rc>^ KB-^p3!<a3^&^S<oz n 

£ N fe5Zn«SE*-CW:v— rWtt* s l^±-t"5A J s Zn 

rot 5 «M K-^l»#P«Wpa* 

ov^ttt, KTOWWi'fcS. (1) InGaAsP 
^ u— Tco Z n 3£fS K-^^Si^FflfiS ICO V N T 
tt, Z n tb-CI»Mrt»=0. 7 nm*JP© 

InGaAsSrRltfcW s fc5. rrotRltt, 0»J;Ui, B 
7-131105* (SCtt 1 ) T» 
fc5 0 (2) Zn^CpItWK-T'iil^V^ 
He, Be^iitft^J^fcSo w£D^J(4, 7^ 
7^ K y^W* (Applied Physics Lett 

ers) , 7 8 ^S— i?. Vol. 5 1, (1987) (3dsfc 
2) (3)-*", InGiAiPWM 

ft^iUT, I nGaAl As**sf 1*^5, I 
nGaAlAsICJJItSZn H-t^K^T** 
«ittf^^-^ ^ 9V*9A> 
{fufy* (Journal of Crystal Growth) , 46 3^ 

— v\ Vol. 135 (1994) (S»3) 
*LT^$„ (4) InGaAsPJRU'-fCpS^K 

4— y*Y=^y>? v-t/vV— w? — X (IEEE P 
HOTONICS TECHNOLOGY LETTERS) , 1 5 5 8^<—v\ V 
o 1 . 9, No. 12(1997) CfcSU) 
[0 0 0 3] 

[BW S *»&LJ: 5 ii-5«Mil S»^a 

- tr V * * ;h,fc#SS^#F«li£OgttJf1K* SrW 

[0 0 0 4] it) *fltW*aEWWk*Btt. <fc***MW 



[0 0 0 5] 

(1) gtti*«»**«mitt ( I n G a A 1 A 

(2) r»stteffi«c»*a^#F«5S-e^fi)c$^, j.o 
rros^Ffltittix ^©Ktsait-pS K— K z 
n&fflV^&PI K— f yWiSiiS. ft. *r<Ogf»C 
JSCT, 1Mrea*#F«att#*a*#F*a*rB^* 

*t«£^#F4*iifc if &ffiv>* r. i: i i liS 5 

[0 0 0 6] *a»WI4s fttEpfflK-^Vhi^ In 
GaAlAs*4S*»*K^T, IWBpSl K-'O 
Loo, TSfiOS-ttS 

[0 0 0 7] J: *BHBWCJ:ixtf» Zn 

t Znffi»oi£«SrPiS:L, SlOnmKT© 

[0 0 0 8] 

[0 0 0 9] ^ffl^SWH-*^"^ 

©*i*fcH*r.i:ifl*IFrSf"e*>5. #*fi^ 
#F«i£*> KlgJi I- ffl ^ t LT> £ 
n*T*fflVNbtur#fc I nG a A s P ^*WC-(i*S< I 
nGaAlAsl47cHf B lrfflv\ B.oZn»*«r#I 
n G a A 1 A s MtZ nffif i^ftf 
.KtlTtLfco InGaAlAsSSalli, InPStS 
I nG a A s t PI«JCOttB«>/< 
V K=¥-V y rjS*Sr«l»tf # 5, HP"fe» I n P *> 

fel nGaAsfcfcSttfflfcMW^a^**. X. 

K^-t y7"ftS^S3»t5> I nG a A 1 A slCZn 
InGaAaPSRKtt^ifli^ 
5„ I n P K*f> : 9 2 0 n 

m) roW«ttlX10 1! cm- J -2X10 18 c 
m" 3 , InAlAs K=¥^r y : 8 5 0 n 

m) 0§SWHi2X10"cm- 3 -3X10' ! cm- 3 

n tt^Jt^^i t° ^ =¥ ->-y J^M tc*3 (t 5 Z n OlSfpffiS I- 
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nGaAsPgi()InGaAl A s Jf©^* Z n 
ZnjggEcDi«^:4rSlofc„ 

100 10] WT, *K*M©*«lt-*><»fc-CO#lBSr 
^ffl^TtftB^-rS. UltelnGaAlA 
s **m©A l fcrilJti: rtucitt-rs Z n jg«tf>H#£ 
EI2teI nPlS±i:TyK-7 , I nGa A 1 
As®, ZnK-^InGaAlAsIt**Lfc*» 
Zn/o^r'f^tfeS. r (73B#, 7yK-/InGa 
AlAsitt, InPSfilCt&^L, /OK^-Y^ 
7*&«l*9 5 0 nmtSbS. X, Zn K-T'I nG a A 

lAsitt, inPSisi^i^u ^<vmy^ 

. »ftl49 5 0 nm-e*>*. *i«BZnlWftf*5DE 
Zn (Diethylzinc: i?i?VWffi#&) CO* -V 
UT^StiS^cc/sec^ 40cc/sec, 1 
OOcc/sec, 3 0 0 cc/sec, W500c 
c/secWiSM^LTV^. D E z n <Dtlt&*f 
(2- 1 O'CcO^tJ-CfoSo 

[ooii] El2(cfc*u3, &<o**£:Sfl?1-5r i# 

ZnMfi)5DEZnCMil:ffV^ni8 
mt^±LX y n < 2X1 0 1! cm- 3 #ia±t«7 
V-K-^S^roZnttfC^lf^U, 2X10 18 cm- 3 - 
3 X 1 0 18 cm- 3 Wi£tCZ nSSlifiafOLfco St-, IS 
fPaflef+iE-CD E Z n £jg*J 5 i(5 0 0 c 

U tt^-IBJfOZnttttlfcL^i-V^b-Cfc*. * 

[00121B38, I n PitSll^TV K — 7* I n G 
aAlAsi, Zn K-T'ro I n G a A 

1 Asiei^ftl«roZnyD77^K-ii 
5. ZnH»-C*>6DEZn(-10«C)«r3 0 0 c ctt 
HfcU InGaAlAslroMSr^^CZnT' 
P77-f;K-fc5. InGaAsi^l.3)imSfiO 
I nGa A 1 A s Jf T'CDZ ni®«t*4 X 1 0 18 c nrM't 
jftTfc 1 ?, 9 5 0 nm<D I nG a A 1 A s Jf^ I n A 1 
AsII^ZnSItiil^U f»ftZn7'n7r'f 
^dS#P>*Vfc. — InAlAitJI4¥a»©Zn* 
fl»**'>U Zn4£«©Elltt**:Ufc. £*U4InA 
1 AsSTOZ n©t&ft»*^Znt£ticroffi#««a s 4 
X 1 0»cm ,, i9fiV , :tH. a3W*Zn*STVK 

- :/Ji ^tt* u fc j: k i s . 

[0013] 11 1 tt£*Jr£>*£*«rSK, #1 n G a A 1 
A s mj5fet-*3 It 5 Z n (Df&fOiga t Z n Z> 
$&fj.m8t%1Zblbtcm-VhZ>o I nG a A 1 A s JfCD# 
te&tt. I n*£j*£0. 5 2-0. 5 3-C«tfH«U**S 



f,, GaiAlOM^SriCi*!, InPKtg 

•T5Z nCDt&?n?g«, Z ntffl<Of&ftWt&-?*t#>ti <> 
=fr I n G a A 1 A s ( I n A 1 A s I n G a A 

n05lSfPjftS<0**I#-^a*T?&ofc. InAlAs (A 

1M0. 4 8) Jf -?oeg#jggfi#-] l x 1 0 18 c 

m" 3 , InGaAs (G a jjilfiS, 0 . 4 7 ) t? CD Z n&tfc 
G5[S#i8«ti:#*> 1X10 19 c m" 3 T*fe 0, Al dfiJ*cDj$ 

iafa-TS ti^J l .2X10 19 exp(-5X (Al ©fflfifc 
Jfc) ) fcftS. nPl (JSfi : 9 2 0 nm) l-*3 

tt5 Z ntt«fc<DiSg#ffiS{*, *b 5 X 1 0 » c m- 3 ^i£t? 
foD, InGaAsPftlnGaAlAsg!;^^ 
^ K=¥^ yrjSSTJttJfi-S HnGaAs P%k<Djjtf 

9 2 OnmCI nGa A 1 A s Jf T?tf>B£#3&,Kf4S§ 1 . 
3X1 0 18 c ra-^iftffcofco 

[0014] El 4 , HI 5 tt, SlggtCf^Si Lfc I n G a A 
lAsl (JKfi : 1 1 0 0 nm, A 1 »f£ : 0. 3 5) 
~^f§ K-^1S3tSr, SIMS (Secondary Ion mass 
Spectroscopy) ##fLfcH#<7X #SS:^#F«if I*1CD Z 
n^n 77^Wfc5. El4-min, A 1 > PRt/Z 
n(Dai$^fil-Cfro^*d^$tt5. |210±a5tcfi^-#F 
*»j6cD«-Ji#, #jc#©^fi:MtTS^JlTV^. 

5„ BP^, H4KAe>ix*J:5K, 2xl0 1B cm- 3 - 

3 X 1 0 ,8 c m- 3 roS^S^Z nlC^^Tfe 1 0 nmSX 

[0 0 15] II:, 1511 «SOZ niSKS.^T=- 

Al, XUfZnORcWtC^trSt. ZnjgSft 

4 X 1 0 ,8 c m" 3 i 1 . 5X10 1! cm- 3 Cltlltfc 
5, X, 1. 5 X 1 0' 8 c m^caW-O^TH 7 00 
*C, il*IHO*fi«lT = -/i'Srfi'ofc«S:WI*uyt Q El 

V\ L*»U -3ST, ZniS«/554X 1 0' 8 cm- 3 tZn 

Jriltl^. Zn|I«'4X10»cin- , OWK- 
^#Sfi^#F«ig<*>#FJgK*i-U T=-A-CDgL Z 
nffi^^ 1 • 5X10 18 c m- 3 <£>^H3 K—z/^Bfi-^ 

t^oTte, Z nttfik©K#fiffi«ri®^-<C 

^Znllttolt^, 
[0 0 1 6] £JLhrogf*g£KS-3#. Zn^iSaSWK 
-fc*>-^£nfc#fifi^#F«ii^Zn K-fy/$h 
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fcfttf'f Kgl-*3V^T, Z nSr I nG a 

[0 0 17] 6t±»34Lfc*H5BM«>«**:W*-rix 

- DFB (Distributed Feedbac 
k) , fc^V^liDBR (Distributed Br 
agg Difraction) CD#ttC9<b<£>£-?r<7)i? 

[0018] *m&m<o&*i&w>K* ¥mw&tev>-t& 

f i t r ffl^ i ffl i 9 iiStl 

<D±2 2 CD^ffJg t 5*-^#F«itK>e«: 
U MI5S^#F#3t«>m2<7?^i»^Btt4 
TC^flJICO I nGaAl As^^i!), _ROBtrl24^# 
F«£^fESfi2 0^#Jf #Z n£^i-5^P K- 
f ^ ft $ ftT ^ -5 fc 5 c 

[0019] r. <D&*#7 s mm\*. m&m i co**#ji 
t z.<d%\ (o^mwmi. 5£#j*«©:*:#v n *me* 2 <d 

*?^5#FJlteT^ • K-7"(OInGaAlAsiJ!#< 
[0 0 2 0] I2©^f«:l > 

[0 0 2 1] X. MIS^2<7)^ff^Tfo5 I n.Ga 
,.,.,A l,As (teU 0<x<U 0<y<ls x + 
y*l) ^tt5Zn©)gglJ, Sit5Al©« 
it y LT 1 . 2X10 19 exp(-5Xy) $ 

[0 0 2 2] EIC, ZnSSKo^-C, J^ftttftK* 
fflftfttSBWiM-frtf, I nGaAl Asft5fg2C9* 
i^iOA lWO. 0 At^hO. 4 4 CD^OSt-fo <9 . 

*3^T, A 1 m&LittfO. 0 4-C'liZ n»S^9- 8X1 
0»cm- J , A1«W ! 0. 44tliZn|SS^l. 3 

[0 0 2 3] ft, *rEZn©«MEttl. 0X10' 8 cm 



ZnOltlil. OX10 w cm- s «±TJ)5-t 

[0024] <t 9$j*lvz n<Dms.(Dmm^mi kip 

L.T^tli« i2ffl¥#«:|©Al»*:MLt, Al 
*&fifeJ*fc#**3l®Zn*£i©H«BU HI fc*iV* 
t, Alffl»0.0 4©^ ZnSIi ! 9.8X10 
«cm- s (@l»fiA) , A lttJ*Jt#0. 0 4©*, 
Z nISi ! 1 . 0 X 1 0 18 c m' 3 (Hi <O^B) . A 1 
?fi^tb*5 0. 4 4tOB# % ZniS^l. 0 X 1 0 18 c m" 3 
(Mitotic) , A 1 MfiScit^ 0 . 4 4 CDB#, Znig,K 
*S 1. 3 X 1 0 18 c m" 3 (Hi CD/&D) <D 4 M,XffltZ.tl 

[0 0 2 5] *H38M«Jft»»tt«s fi^#F#^co* 

[0026] ^m-wmnw-m-. &m&m 

lffl^<DS^-^FfllaSSr#^-r5, 4 7C*jSS«> I n G 

aAiAsio ft^^ 1 <D*mwm*Gm&m%.mm.& 

^*ICO^# < JLo 4 Tt&m&to InGaAlAs^^ft 
t) £-5Z nSr^^*4«)Z n.cB5-T56S#aiSWT-C^ 

[0 0 2 7] x,- aj&*tttt. ffa**^««©ji^ 

4t£^)SbIC0 I nG a A 1 A s i «J ft Z>% 1 CD*s»(*)l 

-comi©*^Jii , 3^J^ £0 ^^<- § - o4S 

**SfP B CDI nGaAl As ± 9 ft 9 J-OZ n Sr^@E*t*4 

co z n KH-r 5ES^««^Tr--^*i-ss 2 <D*mwm 

ft^lfij^spffftWftiJEfcB 1 RU 5 * 2 co**^ffl«t: 

<^5KS«<o#^ t «f ih«> ±iets *a* 1 '-^ 
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^fc#>, Z nmgt&lK^Wr&lZte^ I nG a A sJl!*90 

[0 0 2 8] ±E3»2©ftftfl, 
— &VG a A s /A 1 G a A s *-7-#F«ifi(0 A 1 G a 
A sHMMKtf>3H x 1 0 19 c m- 3 C0iSS^^B eS:K 

#T*#&V\ JEl-> Zn$:I nGaAsPill-'SS 

I nPJiMJt^I nAl A sJB-CttZnlt*^=Fffi« 
ttKH K-^#**^#F*5t* I n A 1 A s J§t?H3i 

InP^77 KJi^bJS&tt»E±^>P-I nGa As P 

tt*i<ft<*5* s * Zn3»ISttJirtK:*"tf*l«:U u# 

i!fe+nm£il±OW:i«^*3V>Tt, InGaAsP^ 
5 Z n S^^ii^C fc Z n ffitfc^i&j^^M^i" 6 - 1 14 

HJt-efcofco w *x* -c«# $ internum*, v^ 

< nmm i>me &*m& w * p s^gs k - 

#F«itt-3Sffl Lfc«*«i-WBB-e*>a. n-InP 
i«l±i:n-InP^y7ri2 (S i »* : 1 X 1 
0 18 c m'\ 5 0 0 n rnl^J?) > n-InGaAlAs 
if>f K13 (8 0nmif, InPiffl:W^H 
fifcStft : 1 0 0 0 n m. Si »S : 1 X 1 0 18 c m" 3 ) 

mm: 6 (Sjiffl) , TVK-^I nGaAlAsW K 
17 (SOnmif, InPSW^ Alffi 
tit : 0.39, i£S : lOOOnm) , p-InAlA 
s ??yK|8 (lOOnmSf, InPSfitft^S 
£\ A 1 &J& : 0 . 4 8 , Z n : 2 X 1 0 17 c 
m" 3 ) . P -InGaAlAsi^^Ml9 (5 
Onmgf, I nPgt£lCl*&^S£\ A 1 ttl* : 0. 3 
0, ZnIS : 2X1 0 17 c m" 3 ) , p- I nP^y 
K11 0 ( 2 0 0 n nu Z n : 2 X 1 0 i7 c 
m- 3 ) , p-InP^7'7 KS 1 1 (1500n 
|f N Zn : 8 X 1 0 17 c m" 3 ) , p- I n G a A s 
z3l/$?YM\ 2 (2 0 0 nm 

g£\ ZniS: 2X10 19 cm- 3 ) SrHSJ!fc$*1"5o 

nGaAlAsliWFi4 (2* : + 1 . 3 %, 6 
n mRff) > Zn K — 7" I nGa A 1 As P«gJl 5 (fi 
ft: -0.4%, 10nm(W, BUl^Alfi*: 0. 
3 5, ZnM : 2X1 0 18 c nr\ P5«<£> 1 nmteT 



[0 0 2 9] n 5 LT2p«L^i^#:aa^ 

£ x iiWWjxf y y^^t««4 OS: 

fc. 0 7^U-^oaitT^rp]i:^*t- ; 5®T^»f^ll 

-c&3 0 ft. iff 30, 3 i tiL&*nmmm, pNt 

[0 0 3 0] *«t?tt, I n G a A 1 A s PS^Jl 
K^^ftfilOOOnm) iC{4 Z n 2 X 1 0 18 

«?P«»«tt*S:Jlfil3Wlt^"C#*:. X, 5 x 1 0 18 c 
m" 3 tSSoz n«E*SrK -^bfc»*fctt, #Fgl-t 

[0 0 3 1 ] M« *JR»WT?tt I n G a A 1 A s P*^JI 
^attS^1 0 0 0 nmi:lf^\ ffi<Z)|l^r*tA 
V\ 1 0 0 0 n mHiOSMfi^ttS I n G a A 1 
Astlt Zn*«*W::±tfS 5. 
tf . MiSS 1 2 0 0 n mCD I n G a A 1 A s PtigJl 

(A 1 m^K : 0.2 1) cr>m& , Z nM«r4X 1 0 18 

— I n G a A 1 A s Ii:l3lt 5 Z nilOTPRttM 

tt, »lxi0 18 cm- 3 Bi«S^U\ 
[0 0 3 2] Pf^Jf cDMftt-oV^te. - 

^ (JE«) , m-^m^^^-i-^ (3lo380) ttt3&s> 

<SWfi«2>H8W:*«»W*:pffi^ KJiRt/pS!^ 

[0 0 3 3] n-InPiSliC, n-InP^^^/7 
T m 2 (Si : 1 X 1 0 18 c m" 3 x 5 0 0 n mfll 
/?) x n -InGaAlAsWFi3 (80nm8 
J?. I nPlSl:M^ «S:1 0 00 nm, Si 

?sa : ixi o i8 cm- 3 ) . m^mm^&rmmi 4 

(5ja»3) , p— InGaAlAs i34 KS 1 5 (80 



(7) 



fti2 003-78213 



nmmm. I n PSti:^!^, A 1 ft* : 0. 3 
9 , i£g : 1 0 0 0 n m, Z n MA : 1 X 1 0 18 c 
nr 3 ) , p-InAlAs^77K116 (lOOnm 
ft*. I nPgtRUlte^g<£\ AlfiS: 0.4 8, Z 
n : 1 X 1 0 18 c nr 3 ) , p-InGaAlAsX 
^fy^ilH (5 0nmIS, I n PSftU:*-?- 
g<£\ A 1 : 0. 3 0, Z n«S : 1 X 1 0 18 c m 
- 3 ) , p-InP^77 KS 1 1 ( 1 7 0 0 n m, Z n 
ft£ : 8 x 1 0 17 c m" 3 ) , p-InGaAs^V^ 
hfl2 (Z nffi* : 2 X 1 0 19 c m" 3 ) ft*** 

InGaAlAs#Fi4 (2*: +1.3%, 6 n m 
mm) ^ ryK-/InGaAlA8*Ml3 (31 
ft: -0.4%, lOnmW, WI©A1»«:0. 

3 5) 4»b4S. X, PWftfc#Fft©ft»H:5ft»T 

[0 0 3 4]*v^ r5LT*fLt^»ift 

[0 0 3 5] El 9 ttaft**#ftft#oa«*|PlO«$ 

/Mc#ft Lfc. p-lnP??yKi 

p - I n G a A 1 A s ^ y ^i^f^ltS^Z n ;&St£1R L 

ft«38«i*v^ab % i j/f y^JtiWZ nl«**f 
it;*cLfc7ctf-Cfc9 , I n A 1 A s * 9 y KS^SttS 
*-COlt*W:jB#*^ofc Q X, p-InAlAs^7 
y KS-^p - I n G a A 1 A s KfOZnSStt 1 
X10 18 cm" 3 tilfet'fc5o L2pU p-InGaA 
l A sii:j3l«Z nt£»oB[*ft** s *iv^i:*»&, 

Hi^:^^, Z n K-7"I nG a A 1 A 
s*tlllS»*(Op- InP^75/ Kft^T^K-^ 
JM" KftSrSttftiff±mK^*^ft* s «< * J&tt«i*-k 
Z n ft£ Sr*!*-*" * r t ^ T* * 5 . 
[0 0 3 6] X, *ft»Wt?tt, WffT^K-^I n 
GaAlAsW KS, -16 K-/SSp- I n A 1 A s 
^5yKilO (ZnSS : 2X1 0 17 c nT 3 ) Kit 

t 8 mW^W^B#-e^ibf^flEESr#5J 0 . 2 Vftft-C* 

[0037] is^ u # v ^iftfttt*, «e^co®ss i n 

Ga Al As^ffiilr, nGa As P ^*5£> 

*I3SMtfclO-15mAT?fc9, L*^MMW>* 

[0 0 3 8] — I n G a A s P ^SBiBj"? p - I n G 
aAsP^Fi ( 8 0 n mJg£J¥, I n P SffitC^S 



^ s ffift : 1 0 0 0 nm Z n*gS : 1 . 5 X 1 0 18 c 
m" 3 ) , p - I n P ^ 7 y KS (I700n mftJ5\ I 
nPiSCfefl^ Zn|t:8Xl0 17 cm- 3 ) T? 
ZnMO**tHofc»^i:il 7VK-^ffifl 
rt^ftftfcZnMMfcU llV>I»I«2 0-2 5m 

[0039] ft, *«»w-ett?SH*»at±<o^^ Kft* 

^ 7 y KI^) Z nSS^ 1 X 1 0 18 c m' 3 1 Lt^\ I 
n G a A 1 A s S<£>«* £*?£5>ft;-r;fttf, 0 1 <O^M 
rt-CSfc*S*»«{bfc*5rffi-CfcSo X, I nGa A 1 
A sft^*5Jt5Z nft^OTKBtt^i^ft^tiR^S 

0 18 c nr 3 7^£>4 X 1 0 18 c m- 3 fd-i63& s a* UV\ WL 

ds, fcftK-:/*ft**#F«a-et>Av\ 

3 >0 1 Ott, #K3893S:I nGaAl As^ 

[0 0 4 0] ±B3»ft«i:nft^* n-InPlSU 
^Sttft*-e©*ftSrSIfti"*-o JEK. TVK-^In 
GaAlAs^K|7 (8 0nmll, InPX*Efc 
ttipft^ A 1 ft* : 0 . 3 9 , ft* : 1 0 0 0 n 
m) , p-InAlAs^7^K18 (5 0nmflgJf:, 

1 nPMi:ftm A 1 ft* : 0. 4 8, Z njg 
ft : 2 X 1 0 17 c m" 3 ) , p-InP^75/ KS 1 0 

(2 0 0 nm, ZnjgS: 2X1 O^cm' 3 ) ^aS"T 

5 0 *tt > rcO>*»«tOM«Sr. p-InGaAl 
Asll 9 (5 0 0 nm^ InPSSCW^ 
»E* : 1 0 5 0 nm, A 1 ft* : 0. 3 5, Z nMS. : 

2 X 1 0 18 c m" 3 ) , n-InAlAsl2 0 (800 
nmftft, I n PS«l:^I^ A 1 ft* : 0. 4 

8 , n MM A : 1 X 1 0 18 c m" 3 ) , p - I n G a A 1 
As|2 1 (8 0 0 nm«*InPSfil:ftf8^ 8 
* : 1050nm, Al ft* : 0. 3 5, Z n»* : 2 
Xl0 18 cm" 3 ) , p— In PS 2 2 (4 0 0 nm6 
ff, Z nfi* : 8 X 1 0 17 c m" 3 ) -Cffifcii/ufcio 8Mb 
RSrBfc*** il^O^S k IWftK p-InP^77 KS 
11 (1 700nm,Zn : 8 X 1 0 17 c m" 3 ) , 
p-InGaAs3>^nil2 (ZnS*: 2X1 
0 19 cm- 3 ) 5:911, ftftii*a^-*«3tfc l-^o 

3, 3 4tt«-«r nffiijm®, pflUftftT?*)*. 
[0 0 4 1] *1«^|CJ;W1 ^^t^^f-ftW^rp - 
InP, n- I n P^fr-ca»3iA/ft:»^JCtt, Znffi 
S^4x l o 17 cm-*«i:*tTif5wii:J:9, T 
^ K-^SttS^^Z ntt«cSrW©JbTV>fco L^^L, 
*ft3&93<& I n G a A 1 A s ft-Cffi»atf»-fr^tt. Z 
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«ypy^M^I^-i:^t5 0 #ijx.f£, Znig 
ft : 4 x 1 0 17 c m- 3 (Cllt^, 8 5 °CX*<Dm±ytttit) £r 
**J 4 fc c ^tfflS«r2X10 l8 cm- 3 

(Op-InPltl^A;/ci^lt Zn^n-In 

t V^«EfflttiS»ft ( 4 X 1 0 17 c m' 3 ) Op-InP 

[0 04 21-N, ttWSW-Ctt* : 1 

0 5 0 nm<7) InGaAlAs SrJB^T^fctf^ flfeOffl 
fiSc^gSr^-fS InGaAlAsttft<> InGaA 

1 A s ©IWMft**:**^^**. H 1 ^±PS («* 
lil.2X10 19 exp(-5X(Al COjlftJt))) £trt 

InGaAlAsIi:*5lt5, Z nlSoTRttn S» 

[0043] *«»w - ettS»&*Jitf>*ffi* p - 
»k«>Wj**»B©IMt«rlSCfc«)t?at>5, p-lnP 

ffi-fcii^Ji^fc p-InGaAlAs n^Jtft:^* 
#S p. — I nG a A 1 A s JBlCfctfS Z n©BW*#i( 

[0 0 4 4] EJLt, MLfc±5K, ZnCiSInG 

a a i a s Tumm K-^«»r-#F*3>rt , stt»i«± 

05 Z ngitlCifc^T, Zntttk*T*MWbft* s fe, 

z nSH K-^#«fi^#F«^SttiiiE±^z nl 

*-?ifitri;tfM&«S:B5o 
[0 0 4 5] 



[■BOffiVttKn] 

[@1] UlilnGaAlAs 3R#*|-0>A 1 ffifiJcJt t 
:tti:»t5 Z n *«<DH«*3H"B-t?*>S. 

[H12] B2li7yK-^i Z n K— \Z>?<0 I nG a 
A 1 A s WJITOZ n (D^d 7 r ^ /KDMSr^tBl t 

So 

[12 3] a3li7^K-/t Z n K— MlsiTiO I nG a 
A 1 A s PaSTtOZ nOSiJft7 f o7T^^^>Wt:*i"BI 

[12 4] 124 ft InGaAlAs K— ^flliS 

TOZ n ©^o 7 7 >f /WOfltrStH'CfcS. 

[12 5] B5I4 InGaAlAs K K— ^WJt 

WZ n©^P77^^SI4flfe*tBtJb5. 

[12 6] Bei^BawoJSi^SllfcWfc^-t***^!! 
BfleG>GrmB"C*>S. 

[12 7] B7tt*«»W^ISl^*lli«*r*i"i*«®* 

oattf * rti i ssiR"** 5 a -e <o 12 1* *> 5 . 
[12 8] ms\ttm&w<o%2<DnMm*7*ir*mfcn 

[[2 9] B9(i^2 0*jte^J^^ft:|B«<*-e0SIS^ 

[Bi 0] [21 o\ttm&w<o%z<nw$&m*7F*ti&w 

l:n-InPSS, 2 : n - I nP^77i, 3: 
n-InGaAlAsWKl, 4;TVK-7 P InG 
a A 1 A s 5 : Z n 6 : 

RilK-^aS^F**. 7 : TVK-^I nGaA 
lAsW KB, 8 : p-InAlAs^77 K1K 
9:p-InGaAlAsxy^#Jtl, 10:p 
-InP?5yKI, ll :p-InP^5yKl, 1 
2:p-InGaAs3^ni, 13:7^^ 
InGaAlAs RE KB, 1 4 fi#M?-#F«aN 
15 : p-InGaAlAs^Kls 1 6 : p - I n 
A 1 A s ^ 7 y KS> 17:p-InGaAlAsiy 
^•^^fltihJl, 18:^ 19 : p-InGaA 

lAsi, 20 :n-InAlAsi, 2: p-In 
GaAlAsi, 22:p-InP/l 0 
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